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THE EFFECTS OF TALKER FAMILIARITY ON TALKER NORMALIZATION 
ISABELLE NASTASKIN 
ABSTRACT 
 
Despite the tremendous amount of phonetic variability in speech across talkers, 
listeners seem to effortlessly process acoustic signals while attending to both the 
linguistic content and talker-specific information. Previous studies have explained this 
phenomenon by providing evidence for talker normalization, a process in which our 
perceptual system strips away information about a talker so that the abstract, canonical 
linguistic units are all that remain for further linguistic analysis. However, it is currently 
unknown whether or how talker normalization is facilitated by familiar talkers. In this 
study, we investigated whether talker familiarity had an impact on the speed in which 
listeners perceived highly confusable words under varying contexts. Over the course of 
three days, listeners were explicitly trained on the voices of four talkers. Baseline and 
post-test measures were administered to determine the effect of talker training and to see 
whether this effect was impacted by the presence of a carrier phrase as well as the 
variability of talker presentation. The results demonstrated that listeners adapted to the 
talker regardless of familiarity. Having immediate information about a talker from 
preceding speech appeared to play a larger role in managing talker variability than a long-
term familiarity with the talker’s voice. Our findings suggest that talker normalization is a 
feedforward process that does not rely on prior memory traces.  
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INTRODUCTION 
1.1. Talker Normalization 
Each day, people are exposed to countless unique voices, both familiar and 
unfamiliar to them. Despite the tremendous amount of phonetic variability in speech 
across talkers, listeners seem to effortlessly process acoustic signals while attending to 
both the linguistic content and talker-specific information. Researchers have examined 
the role that such talker variability plays in speech perception. Some work has suggested 
that talker-related phonetic variability serves as a type of noise that needs to be discarded 
in order to uncover the linguistic content of an utterance (Pisoni, 1981). However, a large 
body of literature now shows that talker and lexical information are not dissociated, but 
rather are stored together and used in conjunction to comprehend speech (Palmeri, 
Goldinger, & Pisoni, 1993; Nygaard, Sommers, & Pisoni, 1994, 1995; Goldinger, 1996; 
Remez, Fellowes, & Nagel, 2007). In fact, voice-specific information was found to be 
retained in memory along with item information, with both of these attributes aiding later 
recognition memory (Palmeri et al., 1993). This is a crucial finding for speech 
communication, for it suggests that rather than being discarded in the process of speech 
perception, talker information may become part of a highly detailed representation of the 
speaker’s utterance (Nygaard et al., 1994). 
However, there continues to be disagreement regarding how listeners accurately 
and efficiently perceive speech despite the seemingly remarkable variability in the signal. 
One model of speech perception that accounts for how listeners map variable acoustics to 
invariant phonological forms suggests that listeners engage in talker normalization, a 
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process in which speech sounds are “normalized” by stripping away information about 
the talker so that the abstract, canonical linguistic units are all that remain for further 
linguistic analysis (Halle, 1985; Joos, 1948; Summerfield & Haggard, 1973). According 
to the contextual tuning theory, factors such as a change in talker can trigger the 
normalization process to activate until the speech signal has been mapped onto internal 
phonetic categories (Nusbaum & Morin, 1992). This occurs even when the listener is not 
explicitly aware of the talker change (Magnuson & Nusbaum, 2007). 
Some evidence suggests that talker normalization is an obligatory process during 
speech perception (Choi, Hu, & Perrachione, 2018). Using a speeded classification task 
similar to Garner (1974) in which participants were asked to identify words spoken by 
single or mixed talkers, Choi et al. (2018) demonstrated that talker normalization existed 
regardless of the potential vowel ambiguity in the spoken words. That is, even when 
vowels in the words were wholly perceptually distinct with no potential sound ambiguity, 
indexical (i.e. talker-specific) variation still imposed a processing cost on the 
identification of these sounds (Choi et al., 2018). Furthermore, the more ambiguous the 
acoustic-phonemic mapping, the greater the processing cost of talker variability. These 
findings demonstrate that talker normalization makes speech perception more efficient 
(Nusbaum & Magnuson, 1997) by maintaining phonetic constancy across talkers despite 
the indexical variation in each talker’s speech. 
1.2. Episodic Memory 
While some authors support talker normalization as the primary mechanism 
facilitating speech perception, others believe it is driven by episodic memories. 
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According to this view, both linguistic content and information about a talker’s voice are 
encoded and stored as episodes in the listener’s memory (Palmeri et al., 1993; Pisoni, 
1993). New words are then directly compared to prior memory traces, which are 
developed from experience (Goldinger, 1998). In other words, speech perception 
involves the preservation of highly detailed encodings of speech in long-term memory, 
rather than the discarding of talker-specific information (Goldinger, 1992, 1996). 
To explore the linkages between indexical and linguistic content in a speech 
signal, Mullennix and Pisoni (1990) tested subjects using a Garner (1974) speeded 
classification task. Results showed that when listeners were asked to classify syllables by 
initial phoneme, they had difficulty ignoring irrelevant variation in the talker’s voice. 
Similarly, listeners had difficulty ignoring irrelevant variation in the initial phoneme 
when asked to classify the same stimuli according to the sex of the talker. Thus, aspects 
of the speech signal important for classifying talker identify appear to be linked to 
linguistic aspects of the signal (Mullennix & Pisoni, 1990; Nygaard & Pisoni, 1998). 
1.3. Talker Familiarity 
If talker-specific information contributes to the listener’s mental representation of 
the speaker’s utterance, then encoding talker characteristics should facilitate the 
comprehension of speech, rather than complicate it. This encoding of talker 
characteristics enables the development of talker familiarity. During the process of talker 
familiarization, listeners learn to focus on and adjust the specific perceptual operations 
that are used to encode information about a talker’s voice during perception (Kolers, 
1976; Kolers & Roediger, 1984; Nygaard et al., 1994). These talker-specific encodings 
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are then stored in memory and are referenced when analyzing novel words produced by 
familiar talkers (Kolers, 1976; Kolers & Roediger, 1984; Nygaard et al., 1994; 
Kleinschmidt & Jaeger, 2015). Listeners accrue templates and refine them over time as 
they pay explicit attention to the idiosyncratic acoustic differences in a talker’s voice 
(Nygaard & Pisoni, 1998; Kleinschmidt & Jaeger, 2015). This means that without a 
previously specified template to use as a reference, unfamiliar voices may require more 
time and resources in order to be processed than familiar voices (Martin, Mullennix, 
Pisoni, & Summers, 1989; Mullennix, Pisoni, & Martin, 1989; Summerfield & Haggard, 
1973; Nearey, 1983). 
Several studies have highlighted the effects of talker familiarity on speech 
perception. Nygaard et al. (1994) presented participants with novel words spoken by 
either familiar or unfamiliar voices. Results showed that participants were significantly 
better at recognizing novel words at a variety of noise levels when the words were 
produced by familiar rather than unfamiliar voices. The subjects who were familiarized to 
a set of voices appeared to encode and retain talker-specific information in long-term 
memory, which aided subsequent perceptual analysis of novel words produced by these 
familiar talkers. This finding indicates that perceptual sensitivity to talker identity can 
transfer to the processing of linguistic content, further supporting the hypothesis that 
talker-specific information and linguistic content are not independent in speech 
perception (Nygaard & Pisoni, 1998). 
Evidence suggests that the talker familiarity effect is heightened under degraded 
listening conditions, such as when processing of the input signal is slowed (McLennan & 
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Luce, 2005) and in the presence of noise (Souza, Gehani, Wright, McCloy, 2013). Souza 
et al. (2013) not only demonstrated that there was a clear speech intelligibility advantage 
of hearing a familiar talker regardless of the noise-level in the environment, but the 
advantage of listening to a familiar talker was greater in more adverse listening situations, 
such as when the background speech spectrum noise-level increased. This finding 
suggests that talker familiarity allows us to optimize the adverse, noisy listening 
conditions that are so common in daily communication environments. 
Familiarity with a target voice also facilitates segregation of the auditory stream 
in situations of energetic masking (i.e. stationary noise) and informational masking (i.e. 
competing utterance) (Newman & Evers, 2007). While we still do not know about which 
specific aspects of a familiar voice aid in segregation of the auditory stream, we do know 
that acoustic cues such as fundamental frequency (Church & Schacter, 1994) and formant 
trajectories (Sheffert, Pisoni, Fellowes, & Remez, 2002) can help the listener to process 
speech (Souza, et al., 2013). We also know that the ability to track these aspects of 
frequency assists in source segregation (Binns & Culling, 2007; Miller, Schlauch, & 
Watson, 2010). Johnsrude et al. (2013) demonstrated that familiarity with a voice 
facilitates the perceptual segregation of competing voice streams to permit more accurate 
tracking of one voice, regardless of whether the familiar voice is the target to be tracked 
or the masker to be ignored. This finding contradicts a previously held belief that familiar 
voices are extracted from competing speech due to their ability to be matched to a 
previously formed mental template (Bregman, 1990). Rather, the finding that familiar 
maskers (i.e. the voice to be ignored) can cause unfamiliar targets to be tracked more 
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accurately indicates that the voice familiarity effect cannot be due to template matching, 
nor can it be attributed to a general tendency to attend to the familiar voice (Johnsrude et 
al., 2013). 
While several studies have shown advantages of knowing the talker for speech 
perception, there are limits to the talker familiarity effect. Nygaard and Pisoni’s (1998) 
work revealed that the type of stimuli used in training must be the same type of stimuli 
used in testing for there to be a talker familiarity effect. When participants learned a 
talker’s voice from isolated words and were then tested with novel isolated words 
produced by this talker but mixed in noise, they showed better identification performance 
than participants who were tested with novel isolated words from unfamiliar talkers. 
However, when participants learned voices using sentence-length utterances but were 
tested using isolated words, they did not show similar benefits of knowing the talker’s 
voice (Nygaard & Pisoni, 1998). These results indicate that when learning voices from 
sentence-length utterances, listeners pay attention to attributes that do not completely 
overlap with those important for identifying talkers from isolated words. Thus, the talker 
familiarity effect may only be advantageous insofar that the type of stimuli used to learn 
the voices is the same as the type used to test the voices. 
1.4. The Current Experiment 
Although recent literature suggests that processing talker-specific information is a 
mandatory component of speech perception (Choi et al., 2018), it has been unclear 
whether or how talker familiarity facilitates talker normalization. The current study 
explored how talker familiarity affected talker normalization by comparing the magnitude 
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of mixed talker interference on speech perception efficiency for familiar versus 
unfamiliar talkers. In particular, this study sought to answer the following questions: 
1. Does talker familiarity affect speed of processing? 
Based on studies showing a talker familiarity advantage in adverse listening 
conditions (McLennan & Luce, 2005; Souza et al., 2013), we hypothesized that familiar 
talkers would facilitate faster speech perception. 
2. Does extrinsic information (i.e. carrier phrase) facilitate speech perception? 
Because preceding speech has been shown to affect speech perception (Ladefoged 
& Broadbent, 1957) by priming the perceptual system for upcoming speech, we 
hypothesized that the presence of preceding speech would facilitate faster speech 
perception.  
3. Does talker variability (single vs. mixed talker) have an effect on response time?  
Based on previous studies demonstrating the effects of mixed talker interference 
(Mullennix & Pisoni, 1990; Nusbaum & Magnuson, 1997), we hypothesized that talker 
variability would reduce speech processing efficiency. 
4. How do talker familiarity and talker normalization interact? 
Because talker familiarity benefits speech processing in difficult listening 
situations (Johnsrude et al., 2013), we hypothesized that talker familiarity would facilitate 
speech processing efficiency amidst talker variability.  
Taken together, these questions are fundamental for determining whether talker 
normalization is facilitated by reactivation of talker-specific phonetic templates from 
long-term memory, as suggested by various empirical (Nygaard & Pisoni, 1998) and 
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theoretical (Kleinschmidt & Jaeger, 2015) work, or whether talker normalization is a 
feed-forward process in which the speech perception system does not incorporate specific 
prior exposure to a talker’s speech while making online speech processing more efficient 
via talker normalization. 
To address these questions, we conducted a multi-day experiment requiring 
participants to identify spoken isolated words, such as boot, boat, bet, and bat. Because 
of the acoustic-phonetic overlap between the vowels (e.g. /u/ and /o/), this is often a 
challenging distinction for listeners to make (Choi et al., 2018). Each participant was 
randomly and equally assigned to one of four training conditions that differed by the set 
of four talkers and pair of vowels that they were trained on (/u,o/ or /ɛ,æ/). Participants 
then completed three days of talker familiarization training in which they were instructed 
to explicitly pay attention to talkers’ voices while completing a speeded classification 
task. Participants completed identical pre- and post-tests before and after training in order 
to measure the effects of familiarization training. Finally, a speech intelligibility 
transcription task similar to that used in Nygaard et al. (1994) was completed after the 
post-test to see whether the familiarity effect generalized to novel words produced by 
both familiar and unfamiliar talkers.  
The results demonstrated that listeners adapted to the talker regardless of 
familiarity. The presence of a carrier phrase, rather than talker familiarity, appeared to be 
more important in managing talker variability than a familiarity with the talker’s voice.  
These findings revealed that talker normalization is a feedforward process that does not 
rely on prior memory traces.  
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METHODS 
2.1. Participants 
Thirty-two native English speakers participated in this study (29 females, 3 males, 
ages 18-30 years). All participants reported no known history of speech, language, or 
hearing impairments. Only participants who completed all three days of the experiment 
were included in the final results of the study. Participants were recruited through job 
board postings as well as emails sent to several departments in Boston University’s 
College of Health & Rehabilitation Sciences. Most participants were affiliated with 
Boston University. 
This study was approved by the Institutional Review Board at Boston University. 
Participants provided written informed consent and received monetary compensation for 
their participation. They were able to discontinue the study at any point.  
2.2. Stimuli 
Speech recordings were made from a group of eight native English speakers (4 
females, 4 males, ages 21-34 years). Recordings were made in a sound-attenuated 
chamber with a Shure MX153 earset microphone, Behringer Ultragain Pro MIC2200 2-
channel tube microphone preamplifier, and Roland Quad Capture USB audio interface 
sampling at 44.1 kHz with 16-bit digitization. The final stimulus set consisted of the best 
quality recordings with similar pitch contours and amplitude envelopes. All stimuli were 
recorded, analyzed, and then normalized to 65 dB SPL RMS amplitude using Praat 
versions 5.3.63, 6.0.26, and 6.0.40 (Boersma, 2001).  
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2.2.1. Testing 
The testing stimuli consisted of recordings of the following four monosyllabic 
minimal pair words with target vowels /u,o/ and /ɛ,æ/: boot, boat, bat, bet. The target 
vowels were selected based on their high-degree of acoustic overlap, making them the 
most potentially confusable in a mixed talker setting (Choi et al., 2018). The carrier 
phrase, “I owe you a,” was recorded and concatenated with each of the four isolated test 
words to produce short sentences (e.g., “I owe you a boat”).  
2.2.2. Talker Familiarization Training 
The stimuli in talker familiarization training consisted of recordings of sixteen 
monosyllabic words forming minimal pairs across vowel conditions (see Appendix A). 
For example, duke has the same C_C context as deck. The only difference is their vowel 
sound. The stimulus words were specifically selected so that each word would have a 
minimal pair across vowel conditions, only differing by their vowel sound.  
2.2.3. Transcription 
Transcription stimuli consisted of 96 novel, monosyllabic words with either an 
/u/, /o/, /ɛ/, or /æ/ vowel sound (see Appendix B). Each vowel category contained an 
equal number of words. Onsets and codas were relatively balanced. Each of the 8 talkers 
recorded all 96 words, resulting in a final stimulus set containing 768 total words. The 
transcription stimuli were each centered within a random 1900 millisecond clip of pink 
noise using Matlab. The noise was set to 0 dB SNR and contained a 200 millisecond 
onset and offset. There was a 1000 millisecond pause between the presentation of trials. 
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2.3. Procedure 
The current study took place over the course of three consecutive days, with the 
exception of one participant who participated during three non-consecutive days within a 
five-day period. Participants completed a pre-test to serve as a baseline measure (Day 1), 
followed by three talker familiarization trainings (Days 1-3), and a post-test (Day 3). 
They also completed a transcription task at the end of Day 3 (Figure 1).  
  
Figure 1. Task Overview by Day. This figure shows the tasks that were administered 
during each day of the experiment. 
 
Speeded classification tasks were used to elicit responses during both testing and 
training.  During the pre- and post-tests, participants indicated the word a talker said (e.g., 
boot or boat), whereas during talker familiarization training, they indicated whether the 
two words they heard were spoken by the same or different talkers. Participants were 
seated in a sound booth and made responses by pressing corresponding keys on a number 
pad. All stimuli were presented at 65 dB SPL through Sennheiser HD 380 Pro 
headphones. 
2.3.1. Testing 
All participants completed identical testing, both before and after talker 
familiarization training (i.e., pre-test and post-test). During testing, participants were 
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presented with isolated words and sentences through headphones. They were verbally 
instructed to identify, as quickly and accurately as possible, which of two words they 
heard on each trial by pressing a corresponding key on a number pad. Participants were 
given written instructions assigning a number to the two target words (e.g., “boot = 1; 
boat = 2” in the /u,o/ condition). The instructions remained visible during the entirety of 
each condition. No feedback was given. 
Participants were presented with 768 total trials. The trials were presented 
blocked by condition, forming 16 conditions of 48 trials each. Each condition consisted 
of a different combination of the following four variables: (1) talker group (talkers 1-4 
[Set A] or talkers 5-8 [Set B]), (2) talker variability (single talker or mixed talker), (3) 
context (“I owe you a…” or no carrier phrase), (4) vowel condition (/u,o/ or /ɛ,æ/). In the 
single talker condition, the talkers were blocked and heard in a row. That is, 12 
productions from one talker were presented adjacently before presenting 12 productions 
from the next talker. The specific order of talkers within the single-talker conditions was 
counterbalanced by Latin Square permutations across participants. In the mixed talker 
condition, talkers were presented in a randomized, non-adjacent order such that the same 
talker was never presented twice in a row. Participants were tested on all eight talkers 
during pre- and post-testing.  
Each condition consisted of two CVC minimal pair words contrasting only by 
their vowel nucleus. Half of the conditions contained stimuli with /u,o/ vowels 
(boot/boat) and the other half contained /ɛ,æ/ vowels (bet/bat). Each target word was 
presented in half of the trials in pseudo-random order, with no more than three sequential 
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presentations of the same word in each condition. 
The order of conditions was counterbalanced using an 8x8 Latin Square 
permutation (i.e., talker group, context, vowel condition). The resulting permutations 
were then organized so that half of the participants were presented with the single talker 
version of that permutation first, while the other half were presented with the mixed 
talker permutation first. This resulted in 16 different condition orders. Two participants 
were randomly assigned to each order. Participants received the same order of conditions 
during the pre-test and the post-test. 
Each trial was presented at a rate of one per 2000 milliseconds, with stimulus 
delivery being controlled using PsychoPy v.1.8.1 (Peirce, 2007). The experiment 
advanced to the next trial every 2000 milliseconds regardless of whether the participant 
made a response or not at the end of this period. 
2.3.2. Talker Familiarization Training 
Following pre-testing, the participants completed three days of talker 
familiarization training, with each training consisting of 592 trials. Participants were 
randomly and equally assigned to be trained on one of the talker groups (talkers 1-4 or 
talkers 5-8) and one of the vowel conditions (/u,o/ or /ɛ,æ/). As such, participants were 
trained on half of the talkers and vowel nuclei presented during testing, while the other 
half remained unfamiliar. Based on their group assignments, participants received 
identical training each day, although in a new, randomized order.  
During training, participants were seated in a sound booth and presented with 
pairs of words through headphones (see Appendix A). They were verbally instructed to 
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identify, as quickly and accurately as possible, whether the two words they heard were 
spoken by the same talker or by different talkers. Responses were made by pressing 
corresponding keys on a number pad.  Participants were given written instructions 
assigning a number to the two forced choices (“same talker = 1; different talkers = 2”). 
The instructions remained visible during the entirety of training. Feedback was given 
following each response. 
Out of the 592 trials, 144 were spoken by the same talkers and 448 were spoken 
by different talkers. The total trials were counterbalanced in this way so that 144 trials 
consisted of the same words and 448 contained different words. While the current study 
only investigated the effects of voice training (i.e., when participants were explicitly 
instructed to focus on voice characteristics), this design will allow future studies to 
compare voice training to speech training (i.e., when attention is placed on the words 
themselves). 
Each day of training was divided into four parts. While the stimuli in each part 
remained exactly the same, the order of stimulus presentation was randomized and 
counterbalanced using Latin Square permutations. The stimulus presentation for each 
word was 1000 milliseconds. Training was self-paced. Feedback was presented for 900 
milliseconds. 
2.3.3. Transcription 
During the transcription task, participants were seated in a sound booth and 
presented with 96 isolated words mixed with pink noise through headphones. Participants 
were verbally instructed to identify the words they heard by typing them using a 
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keyboard. Participants were also given written instructions, which remained visible 
during the entire task. No feedback was given. 
The transcription task was organized into 16 conditions, with each condition 
comprised of a different order and different set of talkers (i.e., Set A or Set B) that 
produced the 96 words. Each talker produced an equal number of total words as well as 
an equal number of words belonging to each vowel category. The order of stimulus 
presentations was randomized across participants and counterbalanced. Two participants 
were assigned to each of the 16 conditions. 
2.4. Data Analysis 
This study used a within-subjects design, with each subject serving as their own control. 
Participants’ response time and accuracy of each trial during testing and training were 
recorded and their means analyzed. Response times were calculated from the onset of 
each target word in testing and from the onset of the second word in the pair during 
training. Accuracy was calculated as the proportion of trials containing words identified 
correctly out of the total number of trials completed. Response times were log-
transformed to more closely approximate a normal distribution. Only the response times 
for correct trials were included in the analysis. Outlier trials containing response times 
that were three or more standard deviations from each participant’s mean log response 
time were excluded from the analysis. R (v3.2.1) was used to analyze data, using linear 
mixed-effects models implemented in the package lme4 (v1.1.6) and with response times 
as the dependent variable. The model used was lmer(log10(rt)~test*carrier*single_ 
mixed*trained_t+(1+test+carrier+single_mixed+trained_t|participant)+(1|stimulus)). 
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Fixed factors included talker condition (trained, untrained), test condition (pre-test, post-
test), context condition (carrier phrase, no carrier phrase), vowel condition (trained, 
untrained), and talker presentation (single talker, mixed talker). Significance criterion of 
α = 0.05 was used to determine significance of main effects and interactions. Any 
significant effects were followed up by pairwise least square differences tests, 
implemented as difflsmeans from R package lmerTest. 
For the transcription task, responses were hand scored for accuracy by the 
principal researcher and a trained, undergraduate research assistant. Reasonable, alternate 
spellings of words (e.g., to, too, two) were marked as correct. 
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RESULTS  
3.1. Testing 
The mean accuracy across participants during testing was 97.8%. This suggests 
that participants were adequately attending to the task. For a complete list of ANOVA 
results for all main effects and interactions in testing, refer to Appendix C. Mean 
response times for each testing condition are located in Appendix D.  
Results from testing revealed a significant main effect of test, F(1, 31) = 9.2309, p 
= 0.004799 (see Figure 2); pairwise differences of the response times of pre- versus post-
test revealed that post-test response times were significantly faster than pre-test response 
times, Mdiff = 35.6 ms, t(31) = 3.04, p = 0.0048.  
 
Figure 2. Main Effect of Test. The line graph shows the mean response time of 
participants in pre- and post-test across all conditions. Participants were significantly 
faster in post-test than pre-test. Error bars indicate standard error of the mean across 
participants.  
 
There was also a significant main effect of context, F(1, 64) = 49.5990, p = 
1.541e-09. Post-hoc pairwise tests revealed that participants were significantly faster at 
making their responses when a carrier phrase preceded the target speech than when there 
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was no carrier phrase present, Mdiff = 77.4 ms, t(64.22) = 7.04, p = 1.541e-09 (see Figure 
3). 
 
Figure 3. Main Effect of Context. The line graph shows the mean response time of 
participants with and without a carrier phrase across all conditions. Participants were 
significantly faster when the target was preceded by a carrier phrase than no carrier. Error 
bars indicate standard error of the mean across participants.  
 
The main effect of talker variability was significant, F(1, 31) = 131.6005, p = 
1.048e-12 (see Figure 4). Post-hoc pairwise tests revealed that participants were faster at 
identifying words when the talkers were presented blocked and heard in a row rather than 
when presented in a randomized, non-adjacent order, Mdiff = 33.1 ms, t(31.10) = –11.47, 
p = 1.048e-12.  
 
Figure 4. Main Effect of Talker Variability. The line graph shows the mean response 
time of participants when talkers were presented in a blocked, adjacent manner (single) 
and a randomized manner (mixed) across all conditions. Participants were significantly 
faster in the single than mixed condition. Error bars indicate standard error of the mean 
across participants.  
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The main effect of talker training was not significant, F(1, 27) = 0.7490, p = 
0.394477 (see Figure 5). This finding may be expected because this statistic encapsulates 
both pre- and post-tests and we would not expect to see an effect of the trained talkers in 
the pre-test, Mdiff = 2.8 ms, t(26.75)= 0.87, p = 0.39.  
    
Figure 5. Main Effect of Talker Training. The line graph shows the mean response 
time of participants for untrained and trained talkers across all conditions. Participants 
were faster for trained talkers, but this was not significant. Error bars indicate standard 
error of the mean across participants.  
 
Results revealed no significant interaction between test and context, F(1, 48030) 
= 0.9000, p = 0.342794 (see Figure 6). The degree of facilitation on response times by 
having a carrier phrase did not differ between the pre- and post-tests. 
 
Figure 6. Interaction of Test and Context. The line graph shows the mean response 
time of participants with and without a carrier phrase at pre- and post-test. There was no 
significant difference resulting from the presence of a carrier phrase across test 
conditions. Error bars indicate standard error of the mean across participants.  
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There was no significant interaction between test and the talker variability, F(1, 
48030) = 1.6903, p = 0.193568 (see Figure 7). That is, the effect of talker presentation in 
a single or mixed talker fashion was not significantly different between pre- and post-
testing. 
 
Figure 7. Interaction of Test and Talker Variability. The line graph shows the mean 
response time of participants when talkers were presented in a blocked, adjacent manner 
(single) and a randomized manner (mixed) at pre- and post-test. Participants were faster 
in the single condition and at post-test, but this interaction was not significant. Error bars 
indicate standard error of the mean across participants.  
 
There was, however, a significant interaction between context and talker 
variability, F(1, 48048) = 15.6002, p = 7.836e-05 (see Figure 8). Post-hoc pairwise 
differences of least square tests revealed that the presence of a carrier phrase had a 
significantly greater effect on response time when the talkers were presented in the mixed 
condition (Mdiff = 82.6 ms, t(66.02) = 7.46, p = 2.46 ´ 10–10) than the single condition 
(Mdiff = 72.2 ms, t(66.04) = 6.53, p = 1.10 ´ 10–8). 
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Figure 8. Interaction of Talker Variability and Context. The line graph shows the 
mean response time of participants when talkers were presented in a blocked, adjacent 
manner (single) and a randomized manner (mixed) both with and without a carrier phrase 
preceding the target. While participants were faster in the single condition and with a 
carrier phrase, the presence of the carrier phrase had a significantly greater impact on the 
mixed talker condition. Error bars indicate standard error of the mean across participants.  
 
There was a significant interaction between talker training and test, F(1, 48030) = 
6.5802, p = 0.010315 (see Figure 9). Post-hoc pairwise tests revealed that as expected, 
the response times to the trained versus untrained talkers was not different not at pre-test 
(p = 0.81), but participants became faster at responding to trained talkers at post-test than 
untrained talkers (Mdiff = 5.6 ms, t(29.96) = 1.44, p = 0.16).   
 
Figure 9. Interaction of Test and Talker Training. The line graph shows the mean 
response time of participants for untrained and trained talkers at pre- and post-test. 
Participants were significantly faster for trained talkers at post-test than untrained talkers. 
Error bars indicate standard error of the mean across participants.  
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There was a significant interaction between context and talker training, F(1, 
48030) = 10.1877, p = 0.001415 (see Figure 10). Post-hoc pairwise tests revealed that in 
the absence of a carrier phrase, listeners’ response times for identifying words spoken by 
trained versus untrained talkers were not significantly different (t(29.96) = 0.092, p = 
0.93); however, listeners were faster at identifying words spoken by trained than 
untrained talkers when there was a carrier phrase (Mdiff = 7 ms, t(29.96) = 1.59, p = 0.12).  
 
Figure 10. Interaction of Talker Training and Context. The line graph shows the 
mean response time of participants for untrained and trained talkers with and without a 
carrier phrase preceding the target. Participants were significantly faster for trained 
talkers when a carrier phrase was present. Error bars indicate standard error of the mean 
across participants.  
 
The interaction between talker training and talker variability was not significant,  
F(1, 48030) = 0.4489, p = 0.502846 (see Figure 11). Participants did not respond 
significantly faster when hearing trained talkers in a randomized, non-adjacent order than 
untrained talkers in that manner.  
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Figure 11. Interaction of Talker Training and Talker Variability. The line graph 
shows the mean response time of participants for untrained and trained talkers when 
talkers were presented in a blocked, adjacent manner (single) and a randomized manner 
(mixed). Participants were faster for trained talkers and in the single condition but this 
interaction was not significant. Error bars indicate standard error of the mean across 
participants.  
 
The interaction between test, context, and talker variability was not significant, 
F(1, 48030) = 0.9023, p = 0.342161 (see Figure 12). This suggests that from pre- to post-
test, the presence of a carrier phrase did not have a significantly different effect across the 
single and mixed talker conditions.  
 
Figure 12. Interaction of Test, Context and Talker Variability. The line graph shows 
the mean response time of participants with and without a carrier phrase preceding the 
target, when talkers were presented in a blocked, adjacent manner (single) and a 
randomized manner (mixed), across testing conditions. Participants were fastest when a 
carrier phrase was present, in the single talker condition, and at post-test, but this 
interaction was not significant. Error bars indicate standard error of the mean across 
participants.  
 
The interaction between test, context, and talker training was not significant, F(1, 
48030) = 0.4985, p = 0.480181 (see Figure 13). This suggests that from pre- to post-test, 
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the presence of a carrier phrase did not have a significantly different effect on response 
times in identifying speech spoken by trained talkers than untrained talkers. 
 
Figure 13. Interaction of Test, Context and Talker Training. The line graph shows the 
mean response time of participants for untrained and trained talkers with and without a 
carrier phrase at pre- and post-test. Participants were fastest for trained talkers with a 
carrier phrase at post-test but this interaction was not significant. Error bars indicate 
standard error of the mean across participants.  
 
The interaction between test, talker variability, and talker training was not 
significant, F(1, 48030) = 0.1680, p = 0.681863 (see Figure 14). This means that 
participants were not significantly faster for trained talkers in the single talker condition 
at post-test compared to untrained talkers in this condition.  
 
Figure 14. Interaction of Test, Talker Training and Talker Variability. The line 
graph shows the mean response time of participants for untrained and trained talkers 
when talkers were presented in a blocked, adjacent manner (single) and a randomized 
manner (mixed) at pre- and post-test. While participants were fastest for trained talkers in 
the single condition at post-test, this interaction was not significant. Error bars indicate 
standard error of the mean across participants.  
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There was no significant interaction between context, talker variability, and talker 
training, F(1, 48030)= 0.0305, p = 0.861320 (see Figure 15). While the two-way 
interaction between carrier and talker variability was significant, this interaction did not 
differ across talker training. 
 
Figure 15.  Interaction of Context, Talker Variability, and Talker Training. The line 
graph shows the mean response time of participants for untrained and trained talkers, 
with and without the presence of a carrier phrase, when talkers were presented in a 
blocked, adjacent manner (single) and a randomized manner (mixed). Participants were 
fastest for trained talkers with a carrier phrase in the single condition but this interaction 
was not significant. Error bars indicate standard error of the mean across participants.  
 
The interaction between test, context, talker variability, and talker training was 
not significant, F(1, 48030) = 0.4147, p = 0.519577 (see Figure 16). This suggests that 
participants did not respond in a significantly different way for trained talkers presented 
with a carrier phrase and in an adjacent order at post-test than untrained talkers with this 
same presentation. 
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Figure 16. Interaction of Talker Training, Test, Talker Variability, and Context. 
The line graph shows the mean response time of participants for untrained and trained 
talkers with and without a carrier phrase in the single and mixed talker presentation 
conditions at pre- and post-test. Participants were faster for trained talkers in the single 
talker condition with a carrier phrase at post-test, but this interaction was not significant.  
 
 
 
3.2. Talker Familiarization Training 
Participants’ mean response time for talker familiarization training stimuli was 
fastest on Day 2, followed by Day 1, and then Day 3 (see Figure 17A and Table 1). Based 
on the mean d-prime results, participants were also most accurate on Day 2, followed by 
Day 3, and then Day 1 (see Figure 17B and Table 1). Overall, participants were very 
successful at discriminating whether the two targets differed. 
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A. Training Response Time   B. Training Accuracy (d’) 
  
Figure 17. Training Results. The line graph in Panel (A) shows the mean response time 
of participants across each day of training. Participants were faster on Day 2 than Day 1 
but slower on Day 3 than Day 2. The line graph in Panel (B) shows the mean accuracy of 
participants using d-prime across each day of training. Participants were more accurate 
on Day 2 than Day 1 but less accurate on Day 3 than Day 2. Error bars indicate standard 
error of the mean across participants.  
 
 
 
Day Mean d' ± 
Standard 
Error 
Mean Response 
Time ± Standard 
Error (ms) 
Mean Hit 
Rate 
Mean False 
Alarm Rate 
1 3.12 ± 0.138 1059 ± 34.1 0.871 0.0395 
2 3.44 ± 0.166 1052 ± 56.5 0.877 0.0273 
3 3.36 ± 0.148 1062 ± 63.0 0.850 0.0223 
 
Table 1. Training Results Across Days. This table shows the mean d' ± standard error, 
mean response time ± standard error, mean hit rate, and mean false alarm rate across all 
participants during each day of training. Participants were fastest and most accurate on 
Day 2 of training.  
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3.3. Transcription 
Results from the transcription task indicated that participants were, on average 
and across talker training conditions, 30.2% accurate at identifying the whole word in 
noise, 52.7% accurate for the initial sound, 89% accurate for the vowel, and 49.1% 
accurate for the final sound (see Figure 19 and Table 2). All p-values were greater than 
0.261 and all z-values were greater than -1.123 (Table 3). Results demonstrated no 
significant effects of talker training for any of the sound positions or the whole word, 
demonstrating that participants were not familiarized to talkers enough to see a benefit 
for novel words in noise.  
 
Figure 18. Transcription Accuracy. The bar graph shows the mean accuracy of 
participants as a percentage during the transcription task for both untrained and trained 
talkers. Across talkers, participants were most accurate for the vowel sound, followed by 
initial sound, final sound, and whole word. However, there was no significant difference 
between untrained and trained talkers.  
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 Mean Accuracy ± Standard Error 
Talker Training Whole Word Initial Sound Vowel Final Sound 
Trained  30.6 ± 1.78 53.7 ± 1.73 89.8 ± 0.978 49.2 ± 1.43 
Untrained 29.8 ± 1.28 51.7 ± 1.72 88.2 ± 1.04 49 ± 1.33 
 
Table 2. Transcription Accuracy Across Talkers. This table shows the mean accuracy 
(percentage correct) for the transcription task across participants for trained and untrained 
talkers. Vowels were recognized correctly the most often, followed by the initial sound, 
final sound, and finally the whole word. The difference between trained and untrained 
talkers was not significant. That is, participants’ accuracy was unrelated to whether the 
words were spoken by trained or untrained talkers.  
 
 
 
 Estimate 
Standard 
Deviation 
Error Z value Pr(>|z|) 
Whole word -0.02863 0.10723 -0.267 0.789 
Initial -0.10340 0.09851 -1.050 0.294 
Vowel  -0.1860 0.1656 -1.123 0.261 
Final -0.006601 0.085634 -0.077 0.939 
 
Table 3. Generalized Linear Mixed Effects Model for Binomial Data.  This table 
shows the z-value and p-value for the whole word, initial sound, vowel, and final sound 
across participants during the transcription task. No significant effects of talker training 
were found for any of the sound positions or the whole word. 
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DISCUSSION 
In this study, we explored the effects that talker familiarity has on talker 
normalization by training participants on a set of talkers and measuring how quickly they 
understood speech under several conditions. We found a significant main effect of testing 
condition in which post-test trials were significantly faster than pre-test trials. We also 
found a significant interaction between talker training and testing, revealing that 
participants responded faster to trained talkers in post-testing than untrained talkers. 
These results demonstrate that response times for untrained talkers became faster at post-
test due to practice effects while response times for trained talkers became faster due to a 
combination of practice effects and talker familiarity effects. These results align with 
other studies that have demonstrated effects of talker familiarity using training models 
(Nygaard et al., 1994, Nygaard & Pisoni, 1998). It appears that our participants encoded 
and stored talker-specific characteristics in their long-term memory, thus speeding future 
speech perception. However, results from the transcription task demonstrate that our 
participants were not significantly more accurate at recognition when familiar talkers 
produced novel words in noise than when the words were produced by unfamiliar talkers. 
This suggests that our participants may have only been familiarized to the talkers on a 
superficial level, with talker familiarity benefits only visible in a quiet, optimal 
environment. Once noise was introduced into the speech signal, familiarity with the talker 
was not robust enough to overcome the interference. Should we have used a longer 
training model, as the 9-day training model used in Nygaard et al. (1994), it is possible 
that our participants would have developed richer memory traces to facilitate speech 
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perception in a context that more closely resembles the noise encountered in daily life. 
Whereas Nygaard et al. (1994) used an explicit talker identification task during training, 
we used a discrimination task to train talkers. It is possible that we did not see a benefit of 
talker familiarity in the transcription task because the training and transcription tasks 
themselves were different (talker discrimination versus word identification) and explicit 
knowledge about talkers might be a prerequisite for the talker familiarity effect. Future 
studies may consider using a talker identification task in training to explore whether 
knowledge about talkers is indeed a requirement.  
We also found significant effects involving the use of preceding speech in 
facilitating word identification. Across conditions, the presence of preceding speech 
resulted in significantly faster word identification speed than when it was absent. This 
finding can be explained by the process of extrinsic normalization (Nearey, 1989) in 
which phonetic information from preceding speech reduces the decision space for 
identifying target sounds in subsequent speech, thus facilitating comprehension. Evidence 
supporting extrinsic normalization has been long established in our field. Ladefoged and 
Broadbent (1957) demonstrated that the formant structure of a carrier phrase impacted 
subsequent identification of a target word. Similarly, when vowel formants in carrier 
phrases were changed, subsequent perceptions of talker identity were impacted (Johnson, 
1990). It appears that preceding speech impacts subsequent speech by forming talker-
specific acoustic-to-phonemic correspondences and therefore perceptual dependencies 
between the two segments of speech (Holt, 2006; Sjerps et al., 2013; Ladefoged & 
Broadbent, 1957; Kleinschmidt & Jaeger, 2015; Zhang & Chen, 2016). In other words, 
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extrinsic normalization primes the perceptual system for upcoming speech by providing a 
frame of reference to compare the target to (Laing et al., 2012; Johnson, 1990, Ladefoged 
& Broadbent, 1957).   
Interestingly, we found that the presence of the carrier phrase had a significantly 
larger effect on identifying words spoken by trained talkers than untrained talkers. In 
other words, not only were trained talkers faster than untrained talkers when a carrier 
phrase preceded speech, but the effect of having a carrier phrase versus no carrier phrase 
was also greater for these trained talkers. This finding supports episodic memory theories 
of speech perception, which consider memory traces formed by previous exposures to 
talkers as the primary mechanism impacting the efficiency in which speech is understood 
(Goldinger, 1998). These memory traces are then referenced when encountering new 
speech from that talker (Goldinger, 1998). Additional work has shown that speech 
comprehension is facilitated when listeners use prior experience with a talker to create 
talker-specific perceptual representations to which they map subsequent speech 
(Kleinschmidt & Jaeger, 2015). For instance, familiarity with a talker has been shown to 
result in better word recognition at a variety of noise levels (Nygaard et al., 1994). Our 
findings suggest extra auditory information from preceding speech heightens the effect 
that familiar talkers have on speech comprehension. In other words, in order to fully 
experience the benefits that the talker familiarity effect has on speech perception, the 
perceptual system should be “tuned in” via cues from preceding speech. The presence of 
carrier phrases appeared to reactivate these memory traces from trained talkers, resulting 
in more efficient speech perception. 
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Consistent with previous literature, we found that indexical variability had a 
significant impact on word identification speed. That is, when talkers were presented 
blocked and in an adjacent order (single talker condition), participants’ response times 
were faster than when talkers were presented in a randomized, non-adjacent order (mixed 
talker condition). These results align with those found in Nusbaum and Morin (1992) in 
which listeners were slower to recognize words in mixed talker conditions. Talker 
variability has a time and performance cost in which the listener must expend resources 
to complete additional computations each time a new talker is heard (Magnuson & 
Nusbaum, 2007). In other words, the less interference caused by talker variability, the 
faster participants are at comprehending speech.  
We also found that the presence of a carrier phrase had a greater impact on word 
identification speed in the mixed condition than the single condition. This suggests that 
having additional information about a talker’s voice is most helpful in difficult listening 
conditions when indexical variability is highest. Based on the contextual tuning theory, 
preceding speech plays an important role in speech perception by calibrating the 
listener’s perceptual system and by allowing the listener to learn the vocal characteristics 
of a talker to aid in subsequent perception (Nusbaum & Morin, 1992). Similar to 
Magnuson and Nusbaum (2007), our findings support the idea that speech perception 
involves a model of talker normalization that incorporates contextual tuning.   
However, our results did not show evidence of a significant interaction between 
talker familiarity and talker normalization. While participants responded faster at post-
test to trained talkers than untrained talkers, we did not find this result to interact 
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significantly with talker variability. That is, being familiar with the talker did not 
facilitate faster speech perception in the presence of multi-talker interference. While 
previous empirical (Nygaard & Pisoni, 1998) and theoretical (Kleinschmidt & Jaeger, 
2015) work has suggested that talker normalization is facilitated by reactivation of talker-
specific phonetic templates from long-term memory, our findings suggest that talker 
normalization is a feed-forward process in which the speech perception system does not 
incorporate specific prior exposure to a talker’s speech while making online speech 
processing more efficient via talker normalization. When talkers vary from trial to trial, 
listeners must “retune” their perceptual system to adjust for the differences in each 
talker’s voice, resulting in a processing cost (Mullennix, Pisoni, & Martin, 1989). Our 
study provides the first set of evidence demonstrating that episodic memory traces are not 
sufficient to overcome the great interference that talker variability has on the efficiency in 
which listeners perceive speech. Perhaps if a longer training model were used, as in 
Nygaard et al. (1994), or if highly-familiar talker-listener pairs (e.g. spouses) were used, 
we may have found significant interactions between these processes. Based on our 
results, we conclude that there is a limited impact of talker familiarity on talker 
normalization. 
4.1. Clinical implications 
Our findings revealed that participants were significantly faster at perceiving 
speech when presented with a carrier phrase, and this effect was most impactful when 
listeners were familiar with the talker. Not only does this finding contribute to our 
understanding of the mechanisms underpinning speech perception but it has important 
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clinical implications. People with vulnerable phonological systems are often administered 
nonword repetition tests in which they repeat isolated, nonsense words, typically of 
increasing length and complexity. For example, children are often administered the 
Comprehensive Test of Phonological Processing- Second Edition and adults are often 
given the Comprehensive Aphasia Test: Repetition of Nonwords subtest to determine the 
state of their phonological systems. Our findings suggest that priming the client with a 
carrier phrase may tune their perceptual system in to the talker’s indexical characteristics, 
thus allowing for more efficient speech perception of these highly confusable, nonsense 
words. Furthermore, our results suggest that the client would be best equipped for such a 
task if the examiner is a familiar talker. This modification may not always be feasible, as 
evaluations are often done before the client has had substantial exposure to the 
examiner’s voice. In addition, evaluations are often purposefully administered by an 
unfamiliar examiner to mitigate the insertion of any biases from having already known 
the client. However, if possible, this modification for current nonword repetition tests 
may result in a more accurate representation of the client’s abilities. 
4.2. Limitations 
While the relatively large sample size and randomized nature of our study served 
as strengths, our exclusion criteria were a limitation. We excluded participants with 
known histories of speech, language, and hearing disorders as well as those whose native 
language was not English. Such a limited sample makes between-subject comparisons 
possible but does not accurately reflect the diversity and variability found in the real 
world. Future studies should explore the interaction between talker normalization and 
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episodic memory on samples of people who more closely resemble the diversity found in 
everyday life. It would be interesting to study whether people with speech, language, and 
hearing disorders get the same benefit from using a carrier phrase to facilitate speech 
perception from familiar talkers. 
In addition, ninety percent of the participants used in our study were female. This 
means that our results may not be representative of speech perception processes for 
males. Future studies should evaluate whether significant differences in speech 
perception exist between males and females, or if gender plays no difference. In addition, 
our study was limited to people primarily between 18-30 years. Our results might not be 
able to explain speech perception processes in children or elderly adults. Johnsrude et al. 
(2013) suggested that voice familiarity may help older listeners compensate for sensory 
or cognitive decline. Future studies could explore talker familiarity and talker 
normalization in aging adults. 
Furthermore, our participants completed only three days of training whereas other 
training studies have used models three times this length. A replication of our study with 
a longer training model or with highly-familiar talker-listener pairs might demonstrate if 
strongly ingrained long-term memory traces are more beneficial amidst mixed-talker 
interference.  
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CONCLUSION 
Overall, our findings provide support for the existence of both talker 
normalization and episodic memory effects, although these effects appear to exist 
independently of one another. We found that trained talkers were significantly faster in 
post-test, demonstrating that our participants had developed long-term memory traces of 
talker-specific acoustic and phonetic characteristics from the talkers in which they were 
trained on. However, the participants did not show significantly more accurate 
identification of novel words spoken by familiar talkers in the presence of noise, 
suggesting that our participants may have only been familiarized to talkers to a 
superficial level. Overall, we did not find talker familiarity to specifically enhance speech 
perception in the presence of talker variability. This demonstrates that talker 
normalization is a feedforward process that does not rely on prior memory traces. It is 
possible that our participants were not familiar enough with the talkers to overcome the 
interference caused by trial by trial variability. Future studies might consider using highly 
familiar talker-listener pairs (e.g. spouses, parent-child) to determine whether strongly 
ingrained long-term memory traces are required to produce significant interactions or 
whether talker familiarity is simply not a catch-all mechanism for increasing the 
efficiency of speech perception.  
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APPENDIX A 
Table 4. Talker Training Stimuli. This table shows the stimuli that were used during 
talker training, grouped by vowel condition. The stimuli form minimal pairs across vowel 
condition with the only difference being their vowel. 
 
/u,o/: 
1. Duke 
2. Dude 
3. Food 
4. Suit 
5. Toad 
6. Coat  
7. Poke 
8. Coach 
/ɛ,æ/: 
1. Deck 
2. Dead 
3. Fed 
4. Set 
5. Tad 
6. Cat 
7. Pack 
8. Catch 
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APPENDIX B 
Table 5. Transcription Stimuli. This table shows the stimuli that were used during the 
transcription task, grouped by vowel condition. Each participant heard each of the 96 
words, although the talker assigned to each word varied based on the participant’s 
assigned condition.  
/u/ /o/ /ɛ/ /æ/  
Boom Boast Bed Bag 
Boon Bone Beg Bad 
Boost Both Bell Ban 
Booth Bowl Best Bask 
Booze Choke Check Chap 
Chew Chose Chess Chat 
Choose Coal Deaf Dab 
Coo Comb Death Dam 
Cool Cone Debt Dash 
Coop Cope Gem Gaffe 
Do Dome Get Jack 
Doom Doze Guess Gap 
Goof Ghost Guest Gag 
Goon Go Jest Jam 
Goose Goal Keg Cap 
Juice Goat Kelp Can 
June Joke Kept Cash 
Poof Jolt Pelt Pan 
Pool Pole Pen Pat 
Tool Toe Pep Path 
Toot Told Pest Tack 
Tooth Tome Tell Tag 
Tune Tone Tent Tan 
Two Tote Test Tap 
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APPENDIX C 
Table 6. ANOVA Results. This table shows the statistics for main effects and 
interactions across test, context (carrier), talker variability (single_mixed), and talker 
training (trained_t) conditions. Significant effects and interactions are marked in bold.  
 
 NumDF DenDF F.value Pr(>F) 
test 1 31  9.2309   0.004799 
carrier 1 64   49.5990  1.541e-09  
single_mixed 1 31  131.6005  1.048e-12  
trained_t 1 27 0.7490   0.394477     
test : carrier 1 48030 0.9000   0.342794     
test: single_mixed 1 48030  1.6903   0.193568     
carrier : single_mixed 1 48048   15.6002  7.836e-05  
test : trained_t 1 48030  6.5802   0.010315  
carrier : trained_t 1 48030   10.1877   0.001415  
single_mixed : trained_t 1 48030    0.4489   0.502846 
test : carrier : single_mixed 1 48030    0.9023   0.342161     
test : carrier : trained_t 1 48030    0.4985   0.480181     
test : single_mixed : trained_t 1 48030    0.1680   0.681863     
carrier : single_mixed : 
trained_t 1 48030    0.0305   0.861320 
test : carrier : single_mixed : 
trained_t 1 48030    0.4147   0.519577     
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APPENDIX D 
Table 7. Response Times During Testing. This table displays the mean response time 
and mean standard deviation for every combination of variables presented during testing.  
 
Test 
Condition 
Talker 
Condition 
Context 
Condition 
Talker 
Presentation 
Mean Response Time 
(ms) ± Mean Standard 
Deviation 
Pre Trained No carrier Single 750 ± 175 
Pre Trained No carrier Mixed 789 ± 189 
Pre Trained Carrier Single 675 ± 137 
Pre Trained Carrier Mixed 699 ± 151 
Pre Untrained No carrier Single 746 ± 171 
Pre Untrained No carrier Mixed 786 ± 177 
Pre Untrained Carrier Single 677 ± 137 
Pre Untrained Carrier Mixed 705 ± 151 
Post Trained No carrier Single 712 ± 197 
Post Trained No carrier Mixed 748 ± 197 
Post Trained Carrier Single 635 ± 134 
Post Trained Carrier Mixed 665 ± 147 
Post Untrained No carrier Single 712 ± 188 
Post Untrained No carrier Mixed 751 ± 193 
Post Untrained Carrier Single 646 ± 137 
Post Untrained Carrier Mixed 674 ± 149 
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